The value of electrophoretic analysis of the serum proteins as a diagnostic aid has led to its application to the study of the cerebrospinal fluid proteins. Hesselvik (1939) first extended the use of the Tiselius moving boundary method to the separation of spinal fluid proteins but the large volumes required and the attendant technical difficulties militated against its general adoption. Schneider and Wallenius (1951) pioneered the paper electrophoretic study of the proteins and with the development of new membranes more sensitive techniques were devised. Thus Pette (1958) characterized nine fractions on agar gel compared with the usual five on paper. Immunoelectrophoresis, by virtue of its sensitivity and specificity, promises to be a fruitful method for future investigations (Gavrilesco, Courcon, Hillion, Uriel, Lewin, and Grabar, 1955) .
A review of the literature shows that, while several quantitative analyses of spinal fluid proteins in health and disease have been performed by paper electrophoresis (Lemmen, Newman, and DeJong, 1957) , practically all studies using improved mem (Kohn, 1958a, b; Smith and Murchison, 1959 (Brackenridge, 1960a, b, c) .
The present report is a preliminary and exploratory study, the twofold purpose of which is to determine the concentration limits of the spinal fluid protein fractions in health and to note any abnormalities found in some typical cases of neurological disorders with a view to more extensive subsequent study if indicated.
MATERIAL AND METHODS
All samples of cerebrospinal fluid were obtained by lumbar puncture. Subjects who underwent lumbar puncture to exclude neurological illness and were later regarded as clinically normal at that time in the light of their case histories were included in a normal control group. The abnormal group consisted of hospital patients clinically diagnosed to be suffering from neurological disease at the time of lumbar puncture. Although cases were selected at random, the material was reasonably broad and diverse in scope. Estimation of the total protein content was performed on 0-5 ml. of fluid by a modification of the method of Yeoman (1955) ; close agreement between such salicylsulphonic acid turbidimetric procedures and microKjeldahl analyses has been demonstrated (Wikoff and Kazdan, 1951) .
Fluid was concentrated by dialysis in cellophane bags 206 against a 10% aqueous solution of gum acacia for periods of one to three days. When at least a tenfold concentration had been attained, the fluid was subjected to electrophoresis precisely as reported for serum (Brackenridge, 1960b) except that up to 10 times the quantity was applied when the total protein content was low.
Seven distinct fractions (pre-albumin, albumin, ae,-, a2-, P-, 2-, and y-globulins) could be consistently differentiated on cellulose acetate (Colover, 1961) . After staining, the dye bound to each fraction was eluted, the dye-binding capacities being assumed identical to those of the corresponding serum protein fractions (Brackenridge, 1960a) . The dye-binding capacity of the most mobile fraction, pre-albumin, which is virtually absent from serum, was determined by staining known amounts of a commercially pure product' under identical experimental conditions.
Concentrations of fractions were expressed both relatively as percentages of the total, and absolutely as milligrams per 100 ml. of original fluid. It is assumed that protein characteristics were not altered during dialysis and electrophoresis. This appears valid since no denaturation was observed during electrophoresis judging by the absence of accumulated material at the starting point. On the other hand Gries, Aly, and von Oldershausen (1953) in an evaluation of concentration techniques found ultrafiltration with protein-impermeable membranes to have the least influence on the cerebrospinal fluid proteins.
'Behringwerke, Marburg Lahn, Germany.
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RESULTS
NORMAL VALUES The percentage and absolute concentrations of spinal fluid proteins in the healthy control group, comprising 14 males and six females, are shown in Table I . In addition to the mean values, the lower and upper limits of the normal range, defined as the range embracing 95 % of the normal population, are tabulated for pre-albumin, albumin, the five globulins, and the total proteins. The limits are calculated as ± 2 standard deviations from the mean of the distribution.
The small but significant differences between the total protein concentration and the sum of the constituent concentrations arise from the various frequency distributions of the fractions. While the total protein concentrations of the group are approximately normally distributed, the majority of those of the fractions are lognormally distributed, hence the total figure is somewhat in excess of the sum of the components.
It has been clearly demonstrated that the spinal fluid protein concentrations must be considered in relation to the age of the subject. Newborn infants have a high content due presumably to a poorly developed blood-brain barrier (Levinson, 1950) , while a similar tendency is observed over the age of Pluckthun and Matthes (1953) Wagenhofer and Zucha (1954) Gries et al. (1953) This work Bauer (1953) Knapp (1955) group.bmj.com on July 6, 2017 -Published by http://jcp.bmj.com/ Downloaded from 60 (Madonick and Weissman, 1955) . In the present study the ages of the subjects ranged from 13 to 66. They were lognormally distributed, the mean being 33 and the range of ± 1 standard deviation being 20 to 53.
In Table It (Tables I and IL) , it is important to recognize the factors which affect the protein content. These are the age (but not the sex) of the subject, the site of puncture, and the assumptions underlying the method (such as identical dye uptake or nitrogen factor of fractions). Of lesser importance is the technique of cerebrospinal fluid concentration. Taking these variables into account, the values quoted in Table It Table IV , based on the serum pre-albumin figure of Schultze and Schwick (1959) and the serum protein values of Brackenridge (1960d) , indicates that the most obvious features of cerebrospinal fluid compared with blood serum are the low total protein content and the high percentage concentration of pre-albumin. Such biochemical differences are compatible with the idea of a blood-brain barrier. Admixture with blood will be expected to lower the percentage lumbar fluid pre-albumin concentration, slightly raise the albumin, lower the a,-globulin, raise the a2-globulin, lower both :-globulins, and raise the y-globulin. There will be a concomitant absolute raising of the total protein content.
PATHOLOGICAL VALUES Since a major purpose of this study is to test the value of quantitative analysis of spinal fluid proteins in the diagnosis of neurological disease, only the pathological cases as a whole will be discussed to see whether the results of this group differ appreciably from normal values. It is evident that little significance can be attached to any variations from the normal limits encountered in a few isolated cases of a particular disease. A convenient summary of the data in Table III is presented  in Table V . The conclusions to be drawn from an inspection of the results may be briefly described as follows.
Individual inspection of the pathological data (Table III) shows that at least one abnormal value, relative or absolute, occurs in every case. More precisely, there is at least one abnormal absolute value in all 20 cases whereas there is at least one abnormal relative value in 12 cases.
Absolute concentrations are a much more sensitive index of a disease process than percentage concentrations: the number of abnormal absolute concentrations in the group totals 76 (excluding total proteins), but the number of abnormal relative concentrations is only 27.
The fractions of which the percentage concentrations are most affected by disease are pre-albumin (in 35% of cases) followed by albumin and /,-globulin (both in 30% of cases). While the prealbumin level is always decreased, the levels of albumin and f1-globulin are decreased and increased about equally.
The fractions of which the absolute concentrations are most affected by disease are the total protein (in 85% of cases) followed by y-globulin (in 750% of cases) and albumin (in 65 % of cases). The alterations are always increases.
It is clear from these findings that, with the single possible exception of pre-albumin (Table V) , absolute levels calculated from the total protein content are of more value than relative figures. The most extreme example is seen in the a,-globulin fraction which always revealed a normal percentage level whereas the absolute level was raised in 12 of the 20 patients. Cases 6, 7, and 8 (Table III) (Table V) , the most interesting are pre-albumin (in which the percentage level is always lowered and the absolute level is never raised) and y-globulin (in which both levels are always raised). The operation of possible pathological mechanisms such as increased permeability of the bloodbrain barrier, abnormal secretion of fluid through the choroid plexuses, and protein release by necrosis of nervous tissue cannot be assessed in the present study. It is likely that a larger selection of material supplemented by the differential serum protein values will elucidate some of the underlying aberrant mechanisms responsible for the abnormal lumbar fluid results.
